Metal matrix composites are an essential product used in engineering materials. This product has wide applications in automotive, aerospace, and other uses. In this paper, four different reinforced such as (MA), (MCA), (NFC) and (SA) with a constant rate of 5 wt. % for each reinforced element used and mixed with Al 6063 alloy to produced composite by using modified two-step mechanical stirrer and having three blades at each step. Coated carbide tool insert was carrying out the turning process. The chip volume ratio and chip shape style formation were performed within cutting speeds of 10 and 90 m/min, which appears in different length and shapes especially at 90 m/min. The chip volume ratio is not increased by all four types of reinforced metal but still maintain in the standard range according to the shape of chips. NFC increasing average chip length during cutting speed of 10 m/min, but within cutting speed of 90 m/min, MA has an important role to change the volume and formation style of a chip from discontinuous chip to continuous chip. It should be noted from the results, that the NFC has decreased surface roughness dramatically for all cutting speeds and followed by MCA, but the MA and SA have less effect compared to NFC and MCA. The mechanical properties such as yield ultimate tensile strength and hardness of the composites are much more than Al 6063 alloy especially when adding all four types of reinforcement together moreover the effect of NFC is very less compared with other types of reinforced materials. MA increase hardness more than the different types of reinforcement.
Introduction
Most of the researchers during the last three decades have been generated tremendous interested to use aluminum and its alloys due to their properties such as lightweight, excellent mechanical properties, low cost, good tribological properties, Chip volume ratio good stiffness and best corrosion resistance compared to conventional metals [1] [2] [3] [4] . So to perceived the improvement in the mechanical properties of Al alloy many additives were added and mixing with it to produced MMCs which consist of matrix and reinforcements. Composites are a unique class of materials invariably favored by nature in certain and humans from prehistoric times. Composites provide a unique capability of enhancing the selected properties of monolithic materials which remains superior to the monolithic counterparts. The enhancement in the targeted property of a metallic matrix can be controlled through the selection of types, size, volume fraction, orientation, microstructural parameters of the reinforcing materials, and the amount of reinforcement which forms the core of composite design in addition to the choice of matrix normally lightweight such as aluminum and magnesium and reinforcement such as nano-ceramic, nano oxides, carbon-based nano-allotropy, elements etc., the improvement in properties of MMCs crucially depends on the processing route and the processing parameters that can provide a uniform distribution of reinforcement and a good matrix-reinforcement interface [5, 6] .
Composites consist of metal matrix composites which have more characteristics such as better wear, fatigue, elastic properties, higher electric, and higher thermal conductivities and reinforced nanostructure which has low thermal conductivity and better shock resistance so composites give good combination of two or more materials to get best properties. Materials development has changed by shifting from monolithic to composite materials due to reduced weight, quality, high performance, and low cost. The design goal of composites is obtained by improved mechanical and functional properties [7] [8] [9] [10] .
Stir casting is a common, economical and relatively simple method to produce the MMCs called as materials system which has two or more micro/macro with different composition. Some properties of MMCs have better performance, high accuracy with a higher rate of production. An application of MMCs includes automotive area involves industrial applications because they have best properties. The homogeneous distributions of reinforcements in the matrix of processing MMCs are major challenges of production and it has a strong impact on the quality of properties and material [11] [12] [13] [14] [15] .
Literature review
Bodunrin et al. [16] developed many tested about agro wastes in MMCs include: bamboo leaf ash (BLA), rice husk ash (RHA), bagasse ash (BA), palm kernel shell ash (PKSA), maize stalk ash (MSA), corn cob ash (CCA), bean shell waste ash (BSWA) mentioned a few and the development of hybrid aluminum matrix composites (AMCs) with agro-waste ash serving as complementing reinforcement, agro waste has improvement for most properties of AMCs with single reinforced AMCs. Double synthetic reinforcement hybrid composites compared the mechanical properties obtain with unreinforced alloy rather than the single reinforced composite; therefore further investigation should be carried out to determine how much the mechanical properties are improved when comparing the hybrid composites with double synthetic reinforcement to single reinforced composites. Sood et al. [17] experimentally showed semi-solid metal processing carried out by mechanical stirring on the machinability studies of Al-20Si-0.5Mg-1.2Fe based alloy to determine the influence of cutting speed, feed rate and depth of cut by using the constant rate of beryllium and cadmium 0.03% as reinforced metal, the results show that the length of chip changed under different machining conditions, on the other hand, there is an improvement in the rate of surface roughness and cutting force. Hindi et al. [18] described ceramic material such as silicon carbide of 2, 4 and 6% as reinforcement are manufactured using conventional stir casting technique, the microstructure reveals better dispersion of reinforcement in the matrix, hardness and tensile strength of 6% SiC be higher than 2 & 4% but the ductility and the impact strength are improvements with 4% SiC. Phanibhubshana et al. [19] analyzed practically the application of varied rate of hematite also known as ferrous oxide (Fe 2 O 3 ) as reinforcement mixing with Al 6061 alloy by stir casting technique, hematite was added in different proportions 2, 4, 6 and 8, significant improvement in hardness and tensile strength were observed with the increase of hematite rate and microstructural studies showed better bonding and dispersion of the Fe 2 O 3 metal matrix composites. Alaneme et al. [20] investigated the combination of groundnut shell ash (GSA) and silicon carbide (SiC) with different mixing ratio (10:0, 7.5:2.5, 5.0:5.0, 2.5:7.5 and 0:10) constituted 6 and 10% of the reinforcing phase with the matrix material of Al-Mg-Si produced via two-step stir casting technique, the percentage elongation improved marginally and was generally invariant to increasing GSA content while the fracture toughness increased with increasing GSA content, hardness and tensile strength increases with increasing weight percent of the reinforcing phase but the strength and hardness dropped slightly with an increase in GSA content in the reinforcing phase. Haider et al. [21] showed the significant effect of the hard ceramics SiC and Al 2 O 3 by stir casting route, the results indicated that the developed successfully and there is an increase in the value of tensile strength, hardness and impact strength. Raju et al. [22] studied the surface roughness of pure commercial Al and Al-15% coconut shell ash (CSA) composite by stir casting method, the results of machining parameters such as cutting speed, feed rate and depth of cut on surface roughness were analyzed and become improvement on surface roughness. The mechanical properties and machining test experiments of the new generation of metal matrix composites have been performed and compared to the base Al 6063 alloys via stir casting process. The aim of this paper was used ceramics reinforced MA and NFC which is used as new reinforcement and compared it with synthetic waste met coke ash and new agro-waste straw ash reinforcements MCA and SA respectively. The results show good agreement and improvement in hardness, impact and tensile strength. Aluminum matrix composites which manufactured in this study have many applications in a wide range in mechanical components and in vehicle parts such as pillars, bumper beam, and crush box because aluminum matrix composites are making the vehicles lighter, safer and more fuel-efficient. We use Aluminum matrix composites in this study because we have many reasons to define this type as appropriate composite; these reasons are (high hardness to density and good resistance to impact strength). On the other hand, it can be recycling the useless ceramics, synthetic and agro wastes as reinforced materials.
3.
Experimental work and procedure
Base metal
In this research, the material matrix alloy is Al 6063. The chemical compositions of Al 6063 alloy are shown in Table 1 . 
Reinforcement materials
In selection of reinforcement material for aluminum we must considered some important facts and properties such as density, wettability, and thermal stability, two types of ceramics and one type of synthetic and also one type of waste vegetable which is wheat straw materials are used as reinforced metals such as MA, NFC, MCA and SA as shown in Fig. 1 . Chemical compositions of all four types of reinforcement materials are tabulated in Tables 2,3 ,4 and 5.
Processing of metal matrix composites
Aluminum 6063 alloy ingots were used as the matrix material and reinforced particles required having 5 wt. % volume percent were evaluated using charge calculations. The reinforced particles were initially preheated at a temperature of 500 • C by using an analog electric furnace to help improve wettability with the Aluminum 6063 alloy for 30 minutes. The Aluminum 6063 ingots were charged into a digital electric furnace and heated to a temperature of 750 ± 30 • C. The preheated reinforced particles were added at this temperature and stirring of the slurry was performed by using modified two-step mechanical stirrer and having three blades at each step. The stirring operation speed and time were performed 360 rpm and 10 minutes respectively to help improve the distribution of the reinforced particles in the molten aluminum 6063 alloys. Finally, the molten composite slurry was poured into the steel mold to solidify. A schematic view of the stir casting set up and two-step stirrer shown in Fig. 2 . The constituent of Al 6063 alloy and its sample detail compositions shown in Table 6 .
Machinability conditions and their levels
The machining experiments were carried out on a TAKI-SAWA SL-360 type center lathe machine using coated carbide inserts. The machining process was conducted on all ten samples of MMCs which were cast without using cooling or any lubricant (dry turning) and samples length of 35 mm was kept for each machining process during surface roughness measurements. The size of the workpiece is 28 mm (diameter) × 220 mm (length). The average surface roughness (Ra) was measured by a TAYLOR-HOBSON (10) type instrument. A summary of the experimental conditions is provided in Table 7 .
Results and discussion

Microstructural evaluation
A scanning electron microscope (SEM) was used to show photographically and studies the distribution analysis of Al 6063 alloy and all four types of reinforced metals in the aluminum matrix as in Fig. 3 . The microstructure results indicate that the method used in the preparation of the composite was successful and this was reflected in the morphology and relatively uniform distribution of the particulates within the matrix. This figure shows the presence of equiaxed grains, which is attributed to the effect of stirring action which breaks the dendrite shaped structure and leaves the structure in an equiaxed form with fine intermetallic precipitates which seen in the matrix of Al. The investigation of a composite material of this work was made by the high precision technique process to cast suitable microstructure of the matrix with homogeneous particle distribution. The microstructure electron images of all the composites and the appearance of chemical homogeneities such as reinforcement/matrix interface with fewer inclusions make a good distribution of MMCs and forming composites with small grain size and uniform mechanical properties especially samples 6 (higher reinforcement level), large grain size or structure sample 3 were observed with some agglomeration of reinforcement which produced highly isotropic behavior of the composite materials which further tend to decrease the mechanical properties. The reinforced particles are used in the present study have a good mixing, gathering, and bonding through grains to make a strong quantify uniform boundary particle distribution. This strong particle boundary causes a huge place inside the aluminum matrix.
Mechanical properties
Mechanical properties tests were carried out at room temperature by using TERCO MT 3037 Universal Testing Machine with standard dimensions of specimen for tensile test.
The hardness and impact strength of the samples for all conditions were measured using the AVK Hardness Testing Machine and WP400 Pendulum Impact Instrument, respectively. The standard measurements for the tensile and impact test samples were ASTM A370 and ASTM E23 respectively. All the experimental test results of this research come at least from an average of three experiments. The observation results of the mechanical properties shown in Table 8 . This table shows that mechanical properties of pure Al alloy and composites produced by stir casting, all these properties increased by adding additives compared to unreinforced alloy. The largest increased in mechanical properties was found in sample 6, the presence of all reinforcement together in the microstructure could impede the movement of dislocation since ceramic particles are stronger than the matrix in which they are embedded, also have a solid lubricating effect due to the similar hexagonal closed packed structure. Using MCA as a reinforcement material sample 3 in Al alloy reduces tensile strength and hardness of the composites due to the segregation and particle clustering of MCA in the Al matrix when compared it with other reinforcements. Fig. 4 shows the typical stress-strain curves of Al 6063, MA, NFC, MCA, and SA with constant rate contents of 5 wt.% as in Table 8 . Fig. 4 shows the performance improvement of ultimate tensile stress. For the Al matrix, the elongation increases with a low rate of mechanical properties. For composites, the value of the tensile strength increase due to mixing additive metals such as ceramics, synthetic and waste vegetable, and also increase due to a better distribution of microstructure by stirring method and less containing of porosities and inclusions inside the grain structure. Fig. 5 shows the behavior of vickers hardness of metal matrix composites and Al 6063 alloy. The results show a good difference between the base metal Al 6063 alloy and Al 6063 metal matrix composites, which presents that the additional metals have an excellent changing in the results. MA has great effect of increasing the hardness followed by NFC, which also has a good changing for increasing the hardness because MA and NFC were ceramic metal and have a high melting temperature. The result of hardness due to adding MA was 62.63 kg/mm 2 as in sample 2, but the bad result of hardness was due to adding the synthetic metal MCA as in sample 3 is 53.47 kg/mm 2 . Fig. 6 illustrates the impact strength of all composites. The results of impact strength were different compared to the results of hardness, samples 2, 5 and 6 have more effective for increased impact strength, here you would prefer when mixing all elements of reinforced metals together such as in sample 6. From the results, we can show that the mortar The variation of yield and ultimate tensile strength for all composites are plotted in Fig. 7 . Sample 6 had maximum values of YTS and UTS compared to other samples, and the results were 125 and 179 MPa respectively, this increase due to strong, compact bonding of grains and good grain boundary distribution of this type of composite material as indicated in microstructure evaluation in Fig. 3 sample 6 . All types of reinforced metal are using in this research have an excellent changing in the results of YTS and UTS compared to base metal Al 6063 alloy. The second effect is SA, which increases YTS and UTS as in sample 5, this phenomenon is showed that the vegetable reinforced metal has great benefit for increasing these properties of Al 6063 alloy. In this context, Joseph [23] show that the agro wastes in the form of powdery particulates have demonstrated great reinforcing abilities and they enhanced the mechanical properties of the various composite developed in comparison to the as-cast materials. Fig. 8 shows the variation of elongation for the all composites, the elongation decreases approximately in the range of 30 to 60 % compared with that of Al 6063 alloy under optimum constant values of reinforced metals. The less decrease of elongation was by NFC as in sample 4 due to its chemical composition, but in general, the reduction of elongation achieved when all four types of reinforced metal mixing with a constant amount as in sample 6. The results above showed that the ceramic, synthetic, and waste vegetable reinforced metals have a perfect effect of changing the mechanical properties of Al 6063 alloy.
Chip formation style
The chip formation style and its volume that is involved as plastic deformation phenomena during the shear zone. The chip volume ratio is the uncut chip thickness/chip thickness; the uncut chip thickness is the feed value in orthogonal cutting and can directly measure the chip thickness after cutting. Table 9 shows the length of chip shape style and chip volume ratio at cutting speed of 10 and 90 m/min. In this study, the chip shape formation and its volume were studied with respect to two different cutting speeds at the constant of feed rate and depth of cut. The all values of chip volume ratio in this work are in the acceptable rating, and it's in the range shape of spiral chip segments. The variation of chip volume ratio depends to the many factors such as cutting parameters, a cutting tool (insert type, cutting angles and nose radius), cutting conditions and material types especially adding additives [24] . The planned experiment was also developed for the influence of cutting speeds on average chip style length La. Fig. 9 observed due to the presence of reinforced particle metal proceeded, it was found that La is maximum values when adding MA as in sample 2, because MA contains both aluminum and iron oxides, these two materials have high resistance and withstand to high cutting speed temperature between tool insert and workpiece, and it hindrance the separate of chip, so, for this reason, MA make longer chip compared to other reinforced metals. NFC, MCA, and SA are medium average chip length La at high cutting speed compared to MA, but sample 6 is not perfect for high cutting speed because all types of reinforcement together damage the chips and decrease the length of it. Fig. 9 also showed La at a low cutting speed of 10 m/min. NFC becomes the first best one for average chip length is followed by all other reinforcements due to low cutting speed and low cutting temperature, but MA is not perfect for high and low cutting speeds cutting.
Figs. 10 and 11 showed chip formation style shape during cutting speeds of 10 and 90 m/min, respectively, the Figures showed three forms of chips as known as spring, semi-circle, and helical. The spring shape known as continuous chip and the others were semi-circle and helical known as discontinuous chip. It was found from Figs. 10 and 11; reinforced metals can change the chip style from discontinuous chip to continuous chip but in limited quality and quantity of reinforced metals.
Surface roughness methodology
A TAYLOR-HOBSON (10) type instrument was used and shown in Fig. 12 . It consists of a probe surface roughness calculating device connected to it. This device has two ways of reading the surface roughness, first is reading the average surface roughness Ra directly from the gauge, and the second is drawing the surface texture profile. The range of the device is reading from (0.01 m to 5 m), and the range of drawing the profile is from (0.04 m to 60 m). Table 10 shows the average surface roughness during five different cutting speeds. The outcome of average surface roughness has been employed to optimize the turning parameters for selecting the best type and amount of reinforcement material. The optimum values of average surface roughness within the different cutting speed and sample detail composition are showed completely in Fig. 13 .
The average surface roughness was measured for all experiments. The effects of the input parameters such as cutting speeds (10, 23, 37, 60 , and 90 m/min) on the average surface roughness are shown in Table 10 . Fig. 13 shows the effect of cutting speed on average surface roughness within different sample detail composition. It is seen from these values that the average surface roughness Ra is decreased with increasing particles volume fraction. It should be noted from the results of average surface roughness, that the NFC has decreased Ra dramatically for all cutting speeds due to its small and good bonding of structures containing of SiO 2 and Cr 2 O 3 and followed by MCA it ranked the second one to improve Ra, but the MA and SA have less effect on Ra compared to NFC and MCA due to its structure and grain size of MA and SA. From the results are shown in Table 10 , the maximum and minimum values of Ra are (4.906 m and 1.220 m) at 10 m/min and 90 m/min respectively. So the best improvement of Ra is at cutting speed of 90 m/min. These means high cutting speed and low feed rate produced a better surface finish which leads to increase the tool life.
Conclusions
In this study, Al 6063 alloy based composite reinforced particles are fabricated using two steps of techniques of the stir casting process. Details of the experimental investigation are presented for the effects of different types of metal matrix composites on mechanical properties, microstructural observation, average surface roughness, and chip shape formation style. The conclusions of the results in this investigation study can be summarized in the following points:
1. Aluminum alloy composites were successfully produced by liquid stir casting technique by adding ceramics, synthetic, and waste vegetable reinforcement in 6063 Al alloy to produced metal matrix composite. 2. The main properties of the MMCs are mainly depending on the microstructural parameters of the reinforcing materials type and volume fraction. Stir casting technique which is used in this paper produces compact grain boundary, smaller, stronger and uniform distribution grain size with good interface bonding of particulate matrix. 3. The YTS and UTS, which obtained from the results of MMCs, are much more than Al 6063 alloy especially when adding all four types of composites together. The effect of NFC for increasing YTS and UTS is very less compared with other types of reinforced metal due to its chemical composition (Cr 2 O 3 ). 4. The hardness of the MMCs is higher than Al 6063 alloy and the cast of ceramic additives MA composite increasing hardness more than the other types of MMCs due to the high atomic bonding between the atoms. 5. Experimental results show that the impact strength increased by adding MA and SA reinforcements respectively, while, the less decrease of elongation was by NFC and MCA. 6. All four types of additives will be given a high acceptable standard range of chip volume ratio. On the other hand, the chip length increases by NFC during cutting speed of 10 m/min, but within cutting speed of 90 m/min, MA has an important role to change the length and formation style of the chip from discontinuous chip to continuous chip. 7. The machinability of MMCs is different from the traditional materials because of the presence of reinforcement particles, during turning operation the surface roughness is decreased by adding NFC and MCA especially when the velocity changed from10 m/min to 90 m/min, it means high velocity produced a better surface finish which leads to long tool life. 8. The advent of the importance of new agricultural waste SA in particulate form as a reinforcement for MMCs is not just of added advantage to our manufacturing industries because of its availability and low cost, but it also reduces the rate of environmental pollution by converting such waste from agro processes into useful raw materials for engineering purposes.
